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1
some basic maths

If you flick through the rest of this book, you will find that complex mathematical formulas and notations have been kept to a minimum. However, it is hard to avoid such things entirely in a book on statistics, and if your maths is a bit rusty you should find it worth spending some time working through this chapter. The topics covered are algebra, coordinates and statistical notation and they will offer a helpful mathematical foundation, particularly for Chapters 7 and 8.

Algebraic symbols and notation crop up quite a lot in statistics. For example, in Chapter 7 when you come to find the ‘best fit’ line through a set of points on a graph, you will learn how to express this line algebraically, as an equation.

In this chapter, you will look briefly at two important symbols in statistics, Σ (sigma) meaning ‘the sum of’ and [image: Image] (x-bar) which is the mean.


Algebra


Can you remember how to convert temperatures from degrees Celsius (formerly known as Centigrade) to degrees Fahrenheit? If you were able to remember, the chances are that your explanation would go something like this:

 

Suppose the original temperature was, say, 20°C. First you multiply this by 1.8, giving 36 and then you add 32, so the answer is 68.

 

The explanation above, which is perfectly valid, is based on the common principle of using a particular number, in this case a temperature of 20°, to illustrate the general method of doing the calculation. It isn’t difficult to alter the instructions in order to do the calculation for a different number, say 25 – simply replace the 20 with 25 and continue as before. What we really have here is a formula, in words, connecting Fahrenheit and Celsius. A neater way of expressing it would be to use letters instead of words, as follows:

 



	F = 1.8 C + 32





 

(where F = temperature in degrees Fahrenheit and C = temperature in degrees Celsius).

Reading the formula aloud from left to right, you would say ‘F is equal to one point eight C plus thirty-two’.

The formula is equivalent to the word description shown earlier but here the letter C stands for whatever number you wish to convert from °C to °F. The F is the answer you get expressed in °F. The choice of letters for a formula is quite arbitrary – X and Y are particular favourites – but it makes sense to choose letters so that it is easy to remember what they stand for (hence F for Fahrenheit and C for Celsius in the formula shown above). The main point to be made here is that, in algebra, each letter is a sort of place-holder for whatever number you may wish to replace it with. A formula such as the one above provides a neat summary of the relationship that you are interested in and shows the main features at a glance.

There are certain conventional rules in algebra which you need to be clear about. Firstly, have a look at the following examples where a number and a letter are written close together:

 

5x; 1.8 C; −3y

 

Although it doesn’t actually say so, in each case the two things, the number and the letter, are to be multiplied together. Thus, 5x really means 5 times x. Similarly, 1.8 C means 1.8 times C, and so on.

A formula is really another word for an equation. Usually a formula is written so that it has a single letter on the left of the equals sign (in this case the F) and an expression containing various numbers and letters on the right. We say that the equation F = 1.8 C + 32 is a formula for F (F is the letter on the left of the equals sign) in terms of C (C is the only letter, in this case, on the right-hand side of the equals sign).

To satisfy a formula or an equation is to find values to replace the letters which will make the two sides of the equation equal. For example, the values C = 0, F = 32 will satisfy the equation above. We can check this by substituting the two values into the equation, thus:

 

F = 1.8 C + 32

32 = 1.8 × 0 + 32 … which is true!

 

In the previous example, notice that the temperature in °C is multiplied by 1.8 before you add the 32. In general, where you appear to have a choice of whether to add, subtract, multiply or divide first, the multiplication and division take precedence over addition and subtraction. This would be true even if the formula had been written the other way round, like this:

 



	F = 32 + 1.8 C





 

This may seem odd but the reason for the convention is simply that, otherwise, the formula would be ambiguous. So it doesn’t matter which way round the formula is written; provided the multiplication is done first, the result is still the same.

You might be wondering what happens if you want a formula involving multiplication and addition but where you wish the addition to be done before the multiplication. This is where the use of brackets comes into algebra. An example of this is where the temperature conversion formula is rearranged so that it will convert from degrees Fahrenheit into degrees Celsius. Remember that if you reverse a formula, not only do you have to reverse the operations (× becomes ÷ and + becomes –) but you must also reverse the sequence of the operations.

There are certain problems if we write the new conversion formula as:

 

C = F − 32 ÷ 1.8

 

If this formula were to be entered directly into a calculator with algebraic logic, it would give the ‘wrong’ answer. The reason is that, because division has a higher level of precedence than subtraction, a calculator with algebraic logic would divide 32 by the 1.8 before doing the subtraction. Putting in brackets, as shown below, takes away the ambiguity and forces the calculator to perform the calculation in the required sequence.

 



	C = (F − 32) ÷ 1.8





 

To end this section, here are a few of the common algebraic definitions that you may need to be familiar with.


	
Expression: 3X2 − 4X + 5XY + 3X is an example of an expression.

	
Term: There are four terms in the previous expression. They are, respectively, 3X2, – 4X, 5XY and 3X.

	
Sign: The sign of a term is whether it is positive or negative. Only the second of these four terms is negative; the others are positive. When we are writing down a positive term on its own we don’t normally bother to write in the ‘+’ sign before it. Thus we would write 5XY, rather than +5XY.

	
Term type: This refers only to the part of the term that is written in letters. Thus, the first term in the expression above is an ‘X-squared’ term, the second is an ‘X’ term, and so on.

	
Coefficients: The coefficient of a term is the number at the front of it. Thus, the coefficient of the first X term is −4. The coefficient of the XY term is 5, and so on. The coefficient tells you how many of each term type there are.

	
Like term: Two terms are said to be ‘like terms’ when they are of the same term type. Thus, since the second and fourth terms in the expression above are both ‘X terms’, they are therefore ‘like terms’. The phrase ‘collecting like terms’ describes the process of putting like terms together into a single term. For example the second and fourth terms, −4X + 3X, can be put together simply as −X. This result arises from adding the two coefficients, −4 and 3, giving a combined coefficient of −1. We don’t normally write this as −1X, but rather as −X.

	
Simplifying expressions: This is the general term for collecting like terms. It is a simplification in that the total number of terms is reduced to just one each of every term type.

	
Expanding: This normally refers to expanding out (i.e. multiplying out) brackets. Thus, the expression 5(2X + 3) – 3(6 – X) could be expanded out to give 10X + 15 – 18 + 3X. The purpose of doing this is usually to enable further simplification. Thus, in this case we can collect together the two X terms and the two number terms to give the simplified answer 13X – 3.

	
Equations: Equations look rather like expressions except that they include an equals sign, ‘=’. In fact, an equation can be defined as two expressions with an equals sign between them. The expression to the left of the equals sign is, for obvious reasons, called the ‘left-hand side’, or ‘LHS’, while the other expression to the right of the equals sign is the ‘right-hand side’ or ‘RHS’. Here is an example of an equation: 2X – 3 = 4 – 6X. Often, however, equations are written so that the RHS expression is zero. For example, 3 – 4X + X2 = 0.

	
Solving equations: Equations usually exist in mathematics textbooks to be ‘solved’. Solving an equation means finding the value or values for X (or whatever the unknown letter happens to be) for which the equation is true. For example, the simple equation 3X – 5 = 7 holds true for one value for X. The solution to this equation is X = 4. This can be checked by ‘substituting’ the value X = 4 back into the original equation to confirm that the LHS equals the RHS. Thus, we get LHS = 3 × 4 – 5, which equals 7. This is indeed the value of the RHS. If you were to try any other value for X say X = 2, the equation would not be ‘satisfied’. Thus, LHS = 3 × 2 – 5, which equals 1 not 7. The equation 3 − 4X + X2
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